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0 A control system for an industrial plant, a display device for such a control system, and a method 
of controlling an industrial plant 



© A control system for an industrial plant receives 
plant data (1) and combines that plant data (1) with a 
plurality of graphical patterns (2) representing the 
plant. In this way a series of prepared displays are 
created to be displayed (4) for a user of the control 
system. If the user wants to simplify one or more of 
the displays, in order to make it more clear, the 



control system has means (3,7,8) for modifying the 
displays, and displaying that modified display. The 
modification may be one of a number of possibilities 
such as deletion (masking) part or all of the display. 
In this way, the full plant information may be pre- 
sented, or more limited information may be pre- 
sented e.g. to a more experienced user. 
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The present invention relates to a control sys- 
tem for an industrial plant. Such control systems 
have one or more display devices for displaying 
information relating to the plant, and the present 
invention is particularly concerned with such dis- 
play displacers. The present invention also relates 
to a method of controlling an industrial plant. 

Most complex industrial plants have at least 
one control with displays for displaying information 
about the operation of the plant, to enable an 
operator the user of the control to monitor the 
performance of the plant It is frequently the case 
that a single display such as a CRT, VDU, or large- 
size screen is arranged to display several different 
bits of information, corresponding to different parts 
of the plant, for example, in practice, the control 
system stores one or more patterns representing 
the plant, which forms the basis of the display. 
Those patterns are made of a plurality of pattern 
elements, such as symbols representing pumps, 
valves, and lights for interconnecting them so that 
the pattern represents the plant. Furthermore, the 
control system receives plant data representing 
operating conditions of the plant, such as tempera- 
ture or pressure at particular points, whether valves 
are open or closed, whether a pump is running or 
not etc. The plant data is then combined with the 
patterns in a way which is preset, to form one or 
more prepared displays. The operator may then 
select one of those prepared displays, and display 
it when needed, or the apparatus may be arranged 
sequentially to display all those prepared displays. 

At its simplest, the designer of the control 
system determines which plant data is to be dis- 
played with a given pattern, so that the prepared 
patterns are entirely pre-set, and there is only one 
prepared display corresponding to each pattern. 

However, such a system has a disadvantage. If 
the operator of the system is relatively inexperi- 
enced, it is often helpful for the display to display 
all the plant data relating to the part of the plant 
corresponding to a given pattern. Furthermore, ex- 
planatory information can also be displayed. The 
display then becomes complicated, the relative in- 
experience of the operator requires that complex 
information. 

However, if the operator is already exper- 
ienced, or an inexperienced operator learns more 
about the system, it then becomes less important 
for some of the plant data to be displayed. Then, 
the very complexity of the display tends to reduce 
the efficiency of the operator, because there is the 
risk of the operator becoming confused by the 
volume of information that is displayed. It is prefer- 
able, then for a simpler display to be provided, in 
which only that information is actually necessary or 
desired by the operator is displayed. 

Japanese patent application laid-open 55- 



157009 seeks to solve this problem. It proposes 
that more than one prepared display is provided for 
a given pattern (e.g. corresponding to a particular 
part of the plant). Then, one of those prepared 
5 displays, may be relatively complete, for an in- 
experienced user, and another may be more sim- 
ple for an experienced user. The operator then can 
switch between one prepared pattern and another, 
depending on his level of experience. 
to Further, Japanese patent application laid-open 

number 55-157009 also suggests that, for a given 
pattern, several prepared displays may be pro- 
vided, each displaying different conditions, e.g. one 
displaying temperature conditions corresponding to 
is the patent, another displaying pressure conditions 
corresponding to the pattern, etc so that the oper- 
ator may select a particular group of plant data for 
observation. 

In Japanese patent application laid-open num- 
20 ber 55-157009. however, every display that is to be 
displayed has a corresponding prepared display, 
i.e. a different prepared display is needed for each 
particular manner of presentation. Thus, it may be 
desired to have one display of a particular pattern 
25 showing a large amount of information, and this will 
need one prepared dispaly, the further prepared 
display will be needed if that pattern is to be 
displayed with a more limited amount of informa- 
tion. The number of prepared displays is therefore 
30 large. Since a large amount of programming work 
(up to 3 days) may be required to produce each 
prepared display, the total amount of work is there- 
fore large. Furthermore, a large memory is needed 
to store all the prepared displays. 
35 According to the present invention, it is pro- 

posed that means be provided for modifying a 
given prepared display prior to its display by the 
display device of the control system. With such an 
arrangement the number of prepared displays is 
40 reduced because, if a display is wanted for a given 
pattern and a large amount of data, and another 
display is wanted of same pattern and a more 
limited amount of data, then the prepared display 
may correspond to the former, and that prepared 
45 display is then modified to produce the latter. The 
modification of the prepared display may be one or 
more of a large range of possible modifications, 
which may be selected by the user or may be 
selected automatically. These modifications will be 
so discussed in more detail later, but may be grouped 
into a number of different types: 

1) deletion; modification may involve the de- 
letion from the display of some of the plant data 
associated with a given pattern, so that only the 
55 necessary or desired data is displayed. This may 
be, for example, to simplify the display for an 
experienced user, or to collect a particular type of 
data (e.g. temperature, pressure, etc) for » display. 



BNSDOCID: <EP 03891 32A2J_> 



3 EP 0 389 132 A2 4 



This type of modification will be referred to subse- 
quently as masking. 

2. Change of intensity: rather than complete- 
ly deleting plant data from the display, it is also 
possible for unnecessary or unuseful information to 
be reduced in intensity on display, so that the more 
important plant is more prominent This type of 
modification is referred to later as "filming". 

3. Translation; a further possible modification 
is to move some or all of the plant data, or even 
the whole of the pattern, on the display screen. 
There are two situations where this is important 
Firstly, suppose several parameters are associated 
with e.g. a pattern element in the prepared pattern. 
Suppose then , that e.g. by deletion, some of those 
data are not displayed. Then, the displayed data 
may be spaced by a significant amount from the 
corresponding pattern element. Then, the modifica- 
tion may involve translation of that plant data to a 
position closer to the pattern element with which it 
is associated. A further alternative arises when the 
deleted data is extensive, so that a substantial part 
of the display is blank. Then, it is preferable for the 
whole of the remaining part of the display including 
the pattern, to be shifted so that it is approximately 
central in the display screen. 

4. Change of colour; rather than mask or film 
unwanted data, it is possible for unimportant data 
to be displayed a different colour, so that the 
important data may readily be distinguished. Fur- 
ther alternatives within this type of modification 
include reverse colouring, in which the background 
and the data colours are reversed so that they are 
more readily visible. 

5. Magnification; important data may be em- 
phasised by making it appear larger on the display, 
although the display may be changed in size. 

6. Periodic changes; as described above, all 
the modifications are static. However, it is also 
possible for e.g. important information to be 
flashed, so that it is more readily visible, by pe- 
riodically carrying out some or all of the modifica- 
tions discussed above, so that emphasis is given to 
the important information. 

In a further development of the present inven- 
tion, additional information may also be presented. 
For example, some plant data e.g. enthalpy is 
obtained by a calculation from other plant data. 
Then, the operator may choose whether that en- 
thalpy data is displayed or not, and this may also 
be considered a modification of the prepared dis- 
play. Yet another posibility is for additional indica- 
tors to be provided on the display, such as pointers 
to particularly important parts of the display. 

It is preferable for the control system of the 
present invention to have a printer for providing a 
hard-copy print-out of the display. Such a hard- 
copy print-out may be triggered by the operator, or 



may be triggered automatically, e.g. when there is 
a malfunction of the plant. The hard-copy print-out 
may be of the modified display as actually pre- 
sented on the display means, or may be the pre- 
5 pared display with all the information concerning 
the operation as planned. 

It is also possible for more than one display to 
be presented simultaneously on a display screen, 
and each display may then be a modified prepared 
to display. 

As was mentioned above the present invention 
relates not only to a control system for the plant, 
but also relates to a method of operating such a 
control system, and to a display device and display 
75 method for such a control system. 

Embodiments of the present invention will now 
be described in detail, by way of example, with 
reference to the accompanying drawings in which: 
Fig. 1 shows a block diagram of a control 
20 system according to the present invention; 

Fig. 2 is a block diagram illustrating in more 
detail part of the control system of Figure 1 ; 

Fig. 3 is a block diagram of one component 
of the part of the control system shown in Figure 3; 
25 Fig. 4 is a block diagram of another compo- 

nent of the part of the control system shown in 
Figure 3; 

Fig. 5 is a block diagram of a further compo- 
nent of the part of the control system shown in 
30 Figure 2; 

Fig. 6 is a block diagram of part of the 
component shown in Figure 4; 

Fig. 7 is a block diagram of part of the 
component shown in Figure 5; 
35 Fig. 8 is a block diagram showing the hard- 

ware components of the embodiments shown in 
Figure 1 ; 

Fig. 9 shows schematically a comparative 
example of a known control system; 

40 Figs. 10 to 25 illustrate displays which may 

be produced by the control system of the present 
invention; and 

Figure 26 shows a block diagram of part of 
an embodiment of a control system having means 

45 for providing a hard-copy print-out of a display. 

In the following description, the following ter- 
minology should be noted. As mentioned above, 
plant data representing operating parameters of the 
plant (therefore variable) is combined with a graphi- 

50 cal pattern representing the plant (which is fixed 
and will be referred to as fixed form information) 
are combined to form a prepared display. That 
prepared display may be displayed on a suitable 
display device (CRT. VDU, etc.) or may be modi- 

55 tied to form a modified display, before being dis- 
played on the display device. For the sake of 
clarity, a display formed by that combination of a 
graphical pattern and plant data will be hereinafter 
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referred to as a "screen "7 this term applying both 
to modified and unmodified displays. Since the 
word "screen" is used for the information dis- 
played, the component on which that "screen" is 
displayed will be referred to as a 'display device. 

Figure 1 shows a block diagram representing, 
in functional terms, an embodiment of the present 
invention, being a control system for an industrial 
plant. Plant parameters, such a temperature, pres- 
sure, flow rate, operational states of components of 
the plant, etc., may be detected by suitable means 
not shown) and input to the control system. The 
control system then has a component 1 which 
converts those plant parameters to plant data. i.e. 
information representing the process being carried 
on by the plant. That processed information is 
transmitted to component 2 in which it is combined 
with corresponding graphical pattern, i.e. informa- 
tion pre-prepared in fixed form. The combined pro- 
cess information and fixed form information pro- 
duce a plurality of prepared displays, and one or 
more of those prepared displays is then selected 
and transmitted to a component 3 which carries out 
modification of that prepared display, and the 
modified display may then be displayed by a suit- 
able display device 4, and may also be copied 
onto a hard-copy print-out by means of a display 
screen copying component 11. A selection of the 
screen information to be processed and displayed 
may be printed out automatically in accordance 
with changes in the state of the components of the 
plant which are being monitered, e.g. such changes 
in the components subject to monitoring such as 
"operational phases or start-up or shut-down" , 
"operating situations (running), stopping etc," "non- 
normal state" and the like, or in accordance with a 
request 6 activated by the user of the display 
device. Such a request may include a request for a 
classified display of the display processors, a re- 
quest for a classified display of steam systems, 
water systems, etc, a request for the display of the 
computer value of states of the process, such as 
enthalpy, entropy, etc., request for display of a pre- 
estimated value of a pre-estimated trend of a pro- 
cess being carried on by the plant, a request for 
the display of the deviation of a deviation of a 
parameter from a normal value or a standard value, 
a request for a display of deviation of a plant 
parameter from safety conditions, a request for a 
display of the deviation in a plant parameter during 
a change etc. 

The information displayed on the display de- 
vice may include plant data which is computed by 
an arithmatic process function component • only 
when requested. Such plant data may include en- 
thalpy, entrophy, etc., furthermore, if unnecessary 
pieces of information are excluded from the modi- 
fied display to be displayed on the display device 



4, the display may become unbalanced, and this 
may be detected by a knowledge processing func- 
tion component 8 which causes the parts of the 
display to be moved on trie display device screen, 

5 so that a modified display is balanced. 

Of course, presentation of any particular dis- 
play on the display device 4 is unnecessary if the 
operator is not present. Therefore, means 9 may 
be provided for detecting the presence of the oper- 

70 ator. Also, since the operator must be taking note 
of the displays presented on the display screen, a 
display information function device 12 may be pro- 
vided showing that a particular display has been 
automatically displayed. In the case of an auto- 

rs matic display, it is then possible to provide auto- 
matic deletion of the displayed display after a 
predetermined time limit. 

As was mentioned above, one reason for modi- 
fication of a prepared display in dependence on the 

20 amount of experience posessed by operator. 
Therefore, the system may have a device 10 for 
indicating to the rest of the control system the skill 
level of the operator. For example the device 10 
may receive an ID card identifying the operator, 

25 and the amount of plant data to be displayed may 
be etermined in accordance with the skill of the 
operator. 

Various operations for modifying the prepared 
displays have been mentioned above. The most 
30 important is the process and editing function car- 
ried out by component 3, and the effect of this 
function on a screen displayed by a display device 
of the control system will now be described. 

Figure 2 is a diagram representing the func- 

35 tional steps of the processing and editing function 
carried out by the components on information pre- 
sented in a screen. The various information for a 
screen fed to the processing component 3 by the 
components 5, 6, 9 and 10 shown in Figure 1 are 

40 ordered into a priority order on the basis of priority 
processing request 20, and that priority is stored in 
a priority order memory 25. That stored priority 
order determines the order of selection of informa- 
tion from the plurality of text form information (i.e. 

45 graphical patterns representing the plan) stored in 
component 2. and then that information is subject 
to a process operation 22 and an editing operation 
23. If the control system has a plurality of display 
devices for displaying process and editing screens, 

so an appropriate display device is selected by a 
display device selection step 24, and display of the 
appropriate screen is carried out. The operation of 
the display device is generated so that the user of 
the display device can take note of the screen 

55 displayed when that screen is displayed automati- 
cally. Moreover, the device 1 1 for copying a screen 
onto hard-copy may be provided, and may carry 
out the following operations: \ 
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(1) On the basis of information excluded 
from the screen by masking or similar operations 
can also be printed on the hard-copy. It can be 
seen that the most important feature of the screen 
as displayed on the display device is visual clarity, 
whereas the total amount of information may be 
more important on a hard-copy. 

(2) It is possible for such printing to occur 
not only at the request of the operator, who signals 
via component 6, but also when there is a change 
in state in the plant being controlled, which may be 
signalled via component 5. For example, if an ac- 
cident occurs in the plant, the component 5 may 
reach for the screen including information about the 
plant to be copied automatically. 

Referring now to Fig. 26. a prepared display 
(basic screen) at a functional block 261 is com- 
bined with one or more items of mark screen 
information from functional blocks 262, 263. 264. 
This combination occurs at functional block 265, 
which stores screen overlapping information, and 
thus generates display screen information at func- 
tional block 266. 

Means 267 for generating a hard copy is suit- 
able between the functional block 261 and the 
functional block 267 so that a hard copy can be 
generated. Thus, as shown in Figure 26. when a 
screen copying instruction is given, that instruction 
may be to copy a screen as actually displayed 
(display screen) (i.e. the hard copy block 267 as 
connected to the block 266) or may copy the 
underlying prepared display (referred to as a basic 
screen) (i.e. the hard copy block 267 is connected 
to the block 261). The copy may be of the basic 
screen or the displayed screen. Fig. 26 also shows 
a functional block 268 for monitoring the display 
screen information. 

Figure 3 is a flow diagram showing the pro- 
cessing of priority requests 20. referred to above. 
When a plurality of requests are transmitted, the 
first step is advanced processing to confirm accep- 
tance and order the requests, and this is carried 
out by step 200. Then, a step 201 carries out 
priority processing to determine which screen to 
select, and then a step 201 carries out priority 
processing of the display device on which the 
screen is to be displayed. 

In some cases, it may be necessary to inter- 
rupt the display of a screen, e.g. to display another 
screen, and in this case it is necessary to process 
a signal requiring urgent interruption of the display 
screen, which is carried out at step 203. Further- 
more, there may also be requests that no screen 
be displayed, and such display excluding process- 
ing is carried out by step 204. The order of these 
various processes is determined by processing 
step 209. and the priority order those determine is 
taught in a priority order memory 25. Then, if a 



screen selected with the highest priority is subse- 
quently deleted, the screen with the next priority 
can then be selected. 

Based on the priority processing discussed 

s above with reference to Figure 3, the processing of 
information on a screen to modify that screen will 
be carried out. 

Figure 4 shows the processing steps of the 
processing operation 22 in Fig. 2. namely the pro- 

io cessing of fixed form screen information. After pre- 
processing by step 220 of the arithmatic process- 
ing 7 referred to with reference to Fig. 1. the 
following processes are carried out: 
1. Masking of unnecessary information. Suppose 

75 that there is a screen display operating situations 
of plant situations, operating situations of an ap- 
paratus, and process conditions such as pressure, 
temperature, flow rate etc. Then, suppose that the 
user inputs a request for a more limited display of 

20 information, for example to display only information 
concerning pressure, or to display only information 
concerning the parts of the system that are run- 
ning, other information is masked by the masking 
processes 221, and so will not be displayed. To 

25 achieve this masking, each screen may be divided 
up. in advance, into a plurality of areas, and then 
masking is achievable by either masking or not 
masking one or more of those areas. Thus, many 
masking possibilities exist. For example, if there 

30 are small n masking areas on one screen, 2 n 
screen variations exist. 



2. Filiming of unnecessary information 

In the masking process described above, un- 
necessary information is masked and thereby ex- 
cluded from the display of the screen. In the filim- 
ing process, shown at step 222, a related operation 

40 is carried out in which the unnecessary information 
is made less prominent on the screen, which thus 
has the effect of making the desired information 
more prominent. Riming can be achieved by defin- 
ing areas of the screen in a similar way to that 

45 done for the masking operation. 



3. Colouring of desired information 

so The above steps (1) and (2) make unnecessary 
information less prominent or cancel it totally from 
the display of the screen. However, it is also possi- 
ble to make the desired information more promi- 
nent, by displaying it in a different colour. This may 

55 be carried out at step 223. 



4. Enlarging of desired information 
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It is also possible to change the size of the 
desired information, at step 224, to make the de- 
sired information more prominent. 



5. Flickering of desired information 

Process step 225 may arrange for desired in- 
formation to be caused to flicker on the screen, 
thereby making it more prominent. 



6. Other processes 

There are other operations which may be car- 
ried out in the screen, and these are shown in Fig. 
4 by step 226, and are illustrated in more detail in 
Fig. 6. In fact, this step may include one or more of 
a number of different possibilities such as: 

a) animation masking, in which the masking of part 
of the screen is turned on and off periodically. For 
example, this is applicable to the display of a start- 
up operation within a piping system, in which the 
piping system is divided up into a number of areas, 
and those areas are alternately masked and un- 
masked, with this operation being applied in op- 
posite senses to adjacent parts of the piping sys- 
tem. 

b) animation filiming may provide a similar effect to 
a) above, but for a filiming process rather than a 
masking process. 

c) reversed display processing, in which the col- 
ours of desired information, and the background 
colour of the screen, are reversed relative to the 
rest of the screen, thereby increasing the promi- 
nence of the desired information. This operation is 
not confined to reversal of colours, however, and 
other methods such as decolouring may also be 
applied. 

Any one or more of the operations 221, 222, 
223.224.225 and 226 in Fig. - may be applied to a 
screen signal, as requested by a user, and then the 
outputs of the various processes are combined at a 
post-processing step 229 to permit the modified 
screen to be displayed. 

Fig. 5 illustrates the operation of screen ed- 
iting. A screen processed by the operations shown 
in Fig. 4 is then input into the editing process 23 in 
Fig. 1. and this is shown in detail in Fig. 5. As 
shown in Fig. 5. an advanced processing step 230 
receives the screen information, and then one or 
more of the following processes may be carried 
out: 



1 . Additional processing of arithmatic information. 
It may be desired for the screen to display 



75 



additional information to that supplied, by perform- 
ing arithmatic operations on the original data. For 
example, enthalpy may be calculated using pres- 
sures and temperatures, rates of change may be 
calculated from changes in the amounts present, 
and such calculations may be achieved by an 
arithmatic processing step 231 . 



io 2. Adjustment of display area 



Suppose that a screen displays flow rate, pres- 
sure, and temperature of a fluid flowing inside the 
pipe in a display of a piping system. Suppose then 
that the user desires to exclude from the display 
both the rate and temperature. Then, only the pres- 
sure is displayed and, depending on the masking 
areas, the display of temperature may be spaced 
from the display of the pipe to which it relates. 
Then, there may be some confusion in relating the 
pressure display to the corresponding pipe part, 
and therefore a process at step 232 may move the 
location of the display of the pressure to a point on 
the screen closer to the corresponding pipe. In 
order to achieve this, the various information 
(temperature, pressure, etc.) may be arranged in 
priority order, with the highest priority correspond- 
ing to a position close to the pipe. Then, if some of 
the information is masked, information with the next 
highest priority order is moved to a position closest 
to the pipe. 



20 



25 



30 



35 



40 



so 
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3. Screen balance adjustment 

When masking is performed, to exclude unnec- 
essary information from the screen, the screen 
may then become unbalanced because the infor- 
mation then displayed is located in only a part of 
the total screen. Then, a process 233 may be used 
to adjust the location of the information on the 
screen, to make the screen well-balanced. This 
operation is controlled by the knowledge process 
component 8. 



4. Display of screen requests 

As was mentioned above, the user may re- 
quest that only some of the information is dis- 
played. Then, it is useful for the screen also to 
contain an indication of the restricted nature of the 
display, by saying for example that the screen 
displays only pressure, only displays enthalpy, etc. 
This may be achieved by a step 234. 



5. Special processing 
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There are a number of further operations that 
may be carried out. At a further step 235, and this 
is illustrated in more detail in Fig. 7. The processes 
may include: 

a) multiwindow/multiscreen processing; this 
involves the use of a multiwindow function of a 
display device, so that two screens may be dis- 
played on the display device. Examples of such a 
multiwindow arrangement may include: 

i) if screens are ordered in a priority order, 
one window may show the screen of highest prior- 
ity order, and another window may show a screen 
of the next highest priority order. 

ii) if a screen which was displayed at a 
previous time, has been overridden that overridden 
screen may be shown in a window. For example, 
when a different screen is automatically displayed, 
thereby overriding the selection of screen by the 
user, the window may show the screen that has 
been overriden. 

b) Screen renewing; this involves succes- 
sively operating a screen renewal operation when 
the screen has been displayed. For example, sup- 
pose an instruction is given to delete one screen 
and replace it by another screen. Then, the pro- 
cessing may arrange for the first screen to seem 
gradually to disappear from one side, with the next 
screen gradually seeming to appear from that side. 
This process also may permit two sorts of screen 
to be displayed through a synthetic processing. 

c) Symbol display; it is possible for a sym- 
bol, such as a pointing finger, or arrow to be 
displayed on the screen to draw the attention of a 
user to some specific feature. 

Using the system described above with refer- 
ence to Figs. 1 to 7, the operation of an embodi- 
ment of the present invention has been described, 
and the hard way to achieve this is shown in Fig. 8. 
That Figure shows: 

1) a process input device 30; a device for 
inputting processed information of a plant or an 
apparatus system. 

2) An arithmatic processing device 33; a 
device for carrying out the processing operations, 
editing, arithmatic functions, etc., as discussed with 
reference to Figs. 1 to 7. This device has the 
functions of components 2.3.5,7 and 8 in Fig. 1. 

3. Picture detecting device 31; this is a de- 
vice for detecting the existance of an operator and 
carrying out the function shown by component 9 in 
Fig. 1. 

4) ID card input device 32; this permits ID 
cards to be input which store information concern- 
ing the users of the display device, to enable the 
display device to adapt to different users. This thus 
carries out the invention of component 10 in Fig. 1. 

5) Screen display device 34; this displays 
processed and edited screens, and. may be an 
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CRT (VDU) a large-sized display, or a similar dis- 
play, and thus carries out the function of compo- 
nent 4 in Fig. 1. 

6) Screen copying device 35; this device 
5 permits screens to be copied to a hard-copy, and 

thus carries out the function of component 11 in 
Fig.1 . 

7) Operator demand input device 36; this 
permits the user of the display device to input 

io requests, and thus fulfills the function of compo- 
nent 6 in Fig. 1. 

8) Information device 37 and indicator 38; 
these may inform and indicate automatic screen 
display in order to attract the attention of a user to 

15 a particular screen, and thus carry out the function 
indicated by component 12 in Fig. 1. 

By way of comparison. Fig. 9 shows functions 
carried out by a known control system. This known 
control system may be compared that of the 
20 present invention, shown in Fig. 1 , and correspond- 
ing components are indicated by the same refer- 
ence numerals. Thus, in the known system, pro- 
cesses information 1 is read periodically, and com- 
bined with fixed form screen information 2 pre- 
25 pared in advance. The prepared screen is then 
displayed on a display device 4. Screens may be 
selected automatically, particularly if a change is 
detected in the plant or apparatus being controlled, 
as shown at component 5, and also screens can be 
30 changed in accordance with a request from a user 
of the display device, shown by component 6. The 
screen can also be copied using a display screen 
copying component 11. 

Specific examples of screens producible by the 
35 present invention will now be described with refer- 
ence to Fig. 10 to 25. 

Fig. 10 shows graphically a plant being a pip- 
ing system, in which various processes are dis- 
played. In Fig. 10, the plant is a steam power plant. 
40 and the screen shows a steam turbine gland seal 
and the vacuum system of the plant. In this screen, 
there is shown graphically apparatus such as a 
high pressure turbine (HP TB), a low pressure 
turbine (LP TB), a vacuum pump (VACP). and 
45 piping for steam, water, air etc. The connection of 
these apparatuses is displayed graphically, and the 
operational state of these apparatuses is displayed. 
Also displayed is fluid flowing in the pipes. The 
existance of fluid flow is displayed by a display 
so with a different colour, and the operational states of 
the system are displayed digitally. Thus, the oper- 
ational conditions of the system is displayed to a 
user of the display device. 

As illustrated in Fig. 10, the screen also shows 
55 some process conditions displayed by a bar-graph 
at the right hand side of the screen. Then, the 
present invention is applied to the screen shown in 
Fig. 10, to delete the process states With a zero 
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value, since these present no information to the 
user. Masking is carried out on such information, 
and the result is the screen shown in Fig. 1 1 . 

For example, when an input device such a 
touch panel is used, a touch area for indicating 
processing and editing of the display screen may 
be provided at a particular area of the screen e.g. 
the bottom of the screen as shown in Fig. 10. In 
this case, when it is intended to mask zero values, 
this may be achieved by touching an area of that 
touch panel marked "zero value mask" and this 
causes information with a zero value to be deleted 
from the screen. 

Fig. 12 illustrates a screen corresponding to a 
low pressure clean-up system. With the screen, if a 
request is input that information concerning ap- 
paratuses which are stopped is deleted from the 
screen, and only those apparatuses which are 
working are displayed, the apparatuses which are 
not working may be masked, and the result is 
shown by the screen in Fig. 13. This screen is 
much more clear. 

Fig. 14 shows a screen representing a turbine 
steam/drain piping system. If the user of the dis- 
play device requests for this screen to be dis- 
played showing only the temperatures of the var- 
ious processes being carried out, masking of spe- 
cific areas shown in Fig. 15 by diagonal lines may 
occurr, and the result is a simplified screen as 
shown in Fig. 16. 

Fig. 17 is a screen showing a power source 
system. If a user requests that only voltage values 
of this screen can be displayed, areas may be 
masked as shown by diagonal lines in Fig. 18, 
thereby simplifying the screen. Those masked 
parts will be deleted from the final screen in a 
similar way to that shown in Fig. 16. 

Fig. 19 illustrates graphically a specific display 
method for adjusting the processes information dis- 
play area, as referred to above. Information is dis- 
played in a priority order, and when information 
with a higher priority is considered by the user to 
be unnecessary, information displayed in the next 
priority order may be moved upwardly, to display 
the desired information with highest priority upper- 
most. 

Fig. 20 illustrates in more detail an example of 
an animated masking process, discussed above 
with reference to Fig. 6 in which the attention of the 
user is attracted by flickering of part or all of the 
display. In a similar way. Fig. 21 shows a specific 
example of an enlarging operation. This was re- 
ferred to above with reference to Fig. 1, and en- 
sures that desired information is enlarged on the 
display to give it a higher visibility. 

Figs. 22 to 25 illustrate a specific example of a 
screen balance adjustment process, referred to 
with reference to Fig. 5. In Fig. 22. there is shown 



the operation of masking part of a screen, to dis- 
play only the desired information. The result is an 
unbalanced screen in which information is con- 
centrated at the upper left side of the screen. In 

5 order to adjust this inbalance, information relating 
to the position of the information on the screen 
must be determined, and this is shown with refer- 
ence to Fig. 23. Thus, when values ai . di . deter- 
mine the position of the information on the screen, 

w areas A, B.C.D. which are hatched in Fig. 23 (a) 
should be made as uniform as possible. To do this, 
the operation shown in 23(b) can be carried out so 
that the position of the information on the screen 
may be moved according to those rules. This op- 

75 eration can be carried out by conventional conver- 
sion calculations, and the operational speed of this 
can be improved by use of "fuzzy reasoning". The 
result of this is shown in Fig. 23(c) in which the 
information is centralised on the screen, it may also 

20 be appreciated that the information displayed may 
then be enlarged to fill the screen, using the en- 
larging function discussed above. 

A practical example of this is shown by Figs. 
24 and 25. which information is masked on the 

25 right hand side of the screen in Fig. 24, and then 
the information of the screen is shifted as shown in 
Fig. 25, so that it is centralised on the screen. 

Thus, according to the present invention, fixed 
form screen information prepared in advance may 

30 be processed so that information which does not 
need to be displayed may be made visually less 
prominent by operations such as maksing, and 
information desired to be displayed may be made 
more prominent. Furthermore, information may be 

35 added to the display and the balance of the screen 
of the display may be adjusted. Thus, the desired 
information may be displayed on a display device 
in a clear way, so that the user of the display 
device can clearly see genuinely necessary in- 

40 formation, without being troubled by excess in- 
formation, but at the same time without causing 
problems due to misunderstanding of the display 
information. The present invention also ensures 
that unnecessary information is not displayed, so 

45 that the user does not need to trouble himself with 
that unnecessary information. 
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Claims 



1 . A control system for an industrial plant which 
is arranged to generate a plurality of prepared 
displays, each comprising at least one graphical 
pattern representing the plant and at least some 
55 plant data representing operating parameters of the 
plant; there being means for selecting one of the 
prepared displays; 

characterised in that \ 
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the control system includes means (3,8) for modify- 
ing said selected one of said prepared displays to 
generate a modified display, and means (4) for 
displaying said modified display. 

2. A control system according to claim 1 
wherein the means (3,8) for modifying the selected 
one of the prepared displays is arranged to be 
operable in response to a request from an operator. 

3. A control system for an industrial plant which 
is arranged to generate a plurality of prepared 
displays, each comprising at least one graphical 
pattern representing the plant and at least some 
plant data representing operating parameters of the 
plant; there being means for selecting one of the 
prepared displays; 

characterised in that: 

the control system includes means (3,8) for select- 
ing only some of said plant data, and means for (4) 
displaying said selected one of said prepared dis- 
plays as a display in which said selected plant data 
of said selected one of said prepared displays are 
visually distinguished from other plant data of said 
selected one of said prepared displays. 

4. A control system according to claim 2, 
wherein the means (3,8) for selecting only some of 
the plant data is operable in response to a request 
from an operator, thereby to permit the operator to 
select which of the plant data is to be visually 
distinguished when displayed by the display means 
(4). 

5. A control system according to claim 3 or 
claim 4, having modifying means for modifying the 
prepared displays to generate the selected display. 

6. A control system according to any one of 
the preceding claims wherein the modifying means 
is arranged to carry out at least one modification 
operation selected from the group consisting of 
deletion, translation, change of intensity, change of 
colour, magnification and periodic changing of at 
least a part of said selected one of said prepared 
displays. 

7. A control system according to any one of 
the preceding claims including means for calculat- 
ing further plant data representing further operating 
conditions of said plant from said plant data, and 
said means for generating a plurality of prepared 
displays is arranged to incorporate said further 
plant data on said selected one of prepared dis- 
plays in the generation of said modified display. 

8. A control system according to any one of 
the preceding claims having printing means for 
providing a hard-copy print of said modified dis- 
play. 

9. A control system according to any one of 
the preceding claims having printing means for 
providing a hard-copy print of the selected pre- 
pared display. 

10. A control means according to claim 8 or 
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claim 9, wherein said printing means is arranged to 
be activated by a user. 

11. A control system according to any one of 
claims 8 to 10, wherein said printing means is 

s arranged to be activated automatically. 

12. A control system according to any one of 
the preceding claims having means for inputting 
information relating to the status of a user, and said 
means for modifying said selected one of said 

w prepared displays is arranged to act in dependence 
on said information, whereby said modified display 
is determined by the status of the user. 

13. A control system according to any one of 
the preceding claims, further including means for 

75 selecting a further one of said prepared displays; 
means for modifying said further one of said pre- 
pared displays to generate a further modified dis- 
play; 
and 

20 said means for displaying said modifying display is 
arranged to display said modified display and said 
further modified display simultaneously. 

14. An industrial plant having a control system 
according to any one of the preceding claims. 

25 15. An industrial plant according to claim 14 

having detectors for detecting the operational pa- 
rameters of the plant, and converting those oper- 
ational parameters to plant data means for trans- 
mitting those plant data to the control system. 

30 16. A method of operating an industrial plant in 

which a plurality of prepared displays are gen- 
erated, each comprising at least one graphical pat- 
tern representing the plant and at least some plant 
data representing operating parameters of the 

35 plant, and one of the prepared displays is selected; 
characterised in that 

the selected one of the prepared displays is modi- 
fied and the modified display is displayed. 

17. A method according to claim 16. wherein, 
40 said modifying of said selected one of saidprepar- 

ed displays is in response to a request from a user. 

18. A method according to claim 16 or claim 
17, wherein said step of modifying said selected 
one of said prepared displays includes at least one 

45 of deletion, translation, change on intensity, change 
of colour, magnification, and periodically changing 
at least part of said selected one of said prepared 
displays. 

19. A method according to any one of claims 
so 16 to 19 further including the step of calculating 

further plant data representing further operational 
parameters of said plant from said plant data, and 
incorporating said further plant data in said modi- 
fied display. - 

55 20. A method of operating an industrial plant in 

which a plurality of prepared displays are gen- 
erated, each comprising at least one graphical pat- 
tern representing the plant and at least some plant 

9 
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data representing operating parameters of the 
plant, and one of the prepared displays is selected; 
characterised in that 

the method further includes selecting only some of 
the plant data and displaying the selected one of 5 
the prepared displays in which the selected plant 
data of the selected are of the preepared displays 
are visually distinguished from other plant data of 
the selected one of the prepared displays. 

21. A method according to claim 19 wherein io 
said said selecting of only some of said plant data 

is in response to a request from a user. 

22. A display device for a control system, 
comprising: 

means for generating a plurality of prepared dis- is 
plays, each of the prepared displays comprising a 
graphical pattern, and a plurality of data; and 
means for selecting one of the displays; 
characterised in that: 

the display device further includes means (3,8) for 20 
modifying the selected one of the prepared dis- 
plays to generate a modified display; and means 
(4) for displaying the modified display. 

23. A display device for a control system, 
comprising: 25 
means for generating a plurality of prepared dis- 
plays, each of the prepared displays comprising a 
graphical pattern, and a plurality of data; and 

means for selecting one of the displays; 
characterised in that: 30 
the display device includes means (3.8) for select* 
ing only some of the plant data, and means (4) for 
displaying the selected one of the prepared dis- 
plays as a display in which the selected plant data 
are visually distinguished from other plant data. 35 
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